Objectives: The paranasal sinuses include anatomic structures at the maxillofacial region that matters great importance for the surgeons working in the maxillofacial area. The imaging of anatomic variations of the paranasal sinuses is fundamental to evaluate the predisposing factors for the pathologic changes of paranasal sinuses. The aim of this study is to investigate the prevalence of anatomic variations of the paranasal sinuses by retrospective assessment of cone beam computed tomography (CBCT) images. Methods: The paranasal sinus CBCT images of 300 adult patients who were referred to Marmara University, Faculty of Dentistry, Department of Oral Diagnosis and Radiology were evaluated retrospectively. The paranasal sinus variations and their prevalence were recorded. Results: The prevalence of concha bullosa superior was 7,7%, and concha bullosa media was 54,7%. The prevalence of infraorbital ethmoid cell was 15,3%, agger nasi cell was 52,7% and onodi cell was 52.7%. There was no significant differences prevalence of this anatomic variations between males and females or between different age groups. Conclusions: CBCT is a convenient radiographic examination to evaluate the paranasal sinus anatomic variations. Dental surgeons must be aware of such anatomic variations of the paranasal sinuses.
INTRODUCTION
The sinonasal cavities, presented by the ostiomeatal complex and paranasal sinuses, are the vital parts of the upper respiratory tract (1) . Ostiomeatal complex is a functional unit which is a limited anatomical region consisting of: middle turbinate, uncinate process, bulla ethmoidalis as bony structures; frontal recess, ethmoidal infundibulum, middle meatus as air spaces; and anterior ethmoidal, maxillary and frontal sinuses as ostia. Furthermore, the paranasal sinuses include anatomic structures at the maxillofacial region that matters great importance for the surgeons working in the maxillofacial area (2) .
Surgical approaches on the paranasal sinuses are among the most frequent operations in otorhinolaryngology and functional endoscopic sinus surgery (FESS) has become one of the commonest surgical procedures performed by otolaryngologists (3) (4) (5) (6) . The keystone of FESS is the capacity to treat even comparatively minor changes exactly, which obstruct mucociliary clearance of the frontal, ethmoid and maxillary sinuses in osteomeatal complex (6).
Image interpretation
Two oral and maxillofacial radiologist (GU, ANYS) evaluated and interpreted anatomic variations; concha bullosa, agger nasi cell, infraorbital ethmoid cell and onodi cell. Before starting the radiographic examination in the study, the examiners were calibrated to recognize and agree on paranasal sinus anatomy and variations. For such purpose, a series of 50 CBCT were used (not included in this study) were examined. As part of the calibration phase, the examiners were given also explanations about radiographic and CBCT imaging.
The variations were identified on the left and right side separately. The recognition of these variations were made according to literature that were already described by means of multi-planar CT images (3).
Agger nasi cells (ANCs); are the most anterior ethmoid single cell, swelling along lateral nasal wall anterior to middle turbinate vertical attachment and are best viewed on coronal and sagittal planes. In the coronal plane, their position is inferior to the frontal sinus and anterior to the middle turbinate (16) (Figure 1 ).
Figure 1. Sagittal view of agger nasi cell
Concha bullosa is described as occurrence of an air space within the lamina recurvata, free hanging portion of the turbinate. This space can be very small or can reach a pretty big size (Figure 2 ). Concha bullosa may be seen on the middle turbinate and, less often, on the inferior and superior ones. Concha bullosa can be identified in coronal CT scan images plainly (17, 18) . Figure 3 ) (19) . The existence of infraorbital ethmoid cells has been associated with various symptoms and diseases, including sinusitis, headaches, and mucoceles (19) (20) (21) .
Figure 3 . Coronal view of bilateral infraorbital ethmoid cell
The Onodi cell is a posterior ethmoid cell which pneumatized far laterally and to some degree superiorly to the sphenoid sinus and is closely associated with the optic nerve ( Figure  4 ) (18). Chmielik and Chmielik (22) suggested all multiplanar reconstructions of the CT examinations should be analyzed in the preoperative sinus CT evaluation, to identify and characterize Onodi cells, recommending axial and sagittal planes preferable in their study. 
2.3.Statistical analysis
The data were analysed with IBM Statistical Package for Social Sciences (SPSS) for Windows 15.0 (SPSS Inc, Chicago, IL). Descriptive statistical methods (mean, SD, and frequency) were used for evaluation of the data. Chi-square test was used to compare qualitative data. Values of p < 0.05 were interpreted as significant.
RESULTS
A total of 300 patients met the inclusion criteria aged between 18 While concha bullosa superior was not seen in 92,3% of the cases, bilateral, right and left concha bullosa superior was present in 2%, 2,3% and 3,3 respectively. Concha bullosa media was absent in 45,3%. They were present bilaterally in 22,3%, unilaterally right side in 14.7% and and unilaterally left side in 17.7%. Concha bullosa inferior was not observed in any cases (Table 2) . In 84,7% of the cases, no infraorbital ethmoid cells were observed, 5 % of the cases were bilateral, 4,7% were on the right side and 5,7% were on the left side. In 47,3% of the cases, agger nasi cells were absent; in 36% bilateral, in 6,7% on the right side and in 10% on the left side agger nasi cell were present. In 47,3% of the cases, no onodi cells were observed while in 52,7% of the cases onodi cells were present (Table 2 ) .
There was no statistically significant difference between the incidence rates of concha bullosa superior and concha bullosa media, infraorbital ethmoid cells, agger nasi, onodi cells according to age groups (p> 0.05) ( Table 3 ).
There was no statistically significant difference between the incidence rates of concha bullosa superior and concha bullosa media, infraorbital ethmoid cells, agger nasi, onodi cells cells according to gender (p> 0.05) ( Table 4) . 
DISCUSSION
CT is defined as the gold standard in evaluating anatomic variations in paranasal sinuses also with preoperative anatomical evaluations, pathologies and bone integrity as it supplies adequate spatial resolution and generated data can be used for computer-assisted endoscopic sinus surgery (23) (24) (25) . On the other hand, it is generally known that CT is liable for the majority of the medical radiation doses in the populations of modern societies. Recently, the use of CBCT in the evaluation of paranasal sinus anatomy has been studied and published (26) (27) (28) (29) , CBCT generates three-dimensional data on the maxillofacial area, and is progressively being used in numerous dental speciaities as well as otorhinolaryngology. Although CT is important and primary choice for evaluating the paranasal sinuses, CBCT may definitely take on the same role in the planning of endoscopic surgery of the paranasal sinuses, making it possible to obtain high-resolution axial, coronal, and sagittal sections (26) . Considering above mentioned arguments, we evaluated CBCT images for analyzing anatomic variations of paranasal sinuses.
Wormold (30) suggested that agger nasi cells are the key to figure out the anatomy of frontal recess at paranasal sinus area. In this study, the prevalence of agger nasi cells was 52,6%. The prevalence of agger nasi cells is remarkably variable, ranging in different studies. Sagar et al (31) has found the prevalence in 94 % of their cases respectively. Han et al (32) reviewed 202 CT scans and found that the agger nasi cells were present in 94,1% of Chinese patients. On the other hand, Talaiepour et al (33) evaluated 143 patients and agger nasi cells were found in 56,7% of the cases. Also; there are some other studies lower percentages in their respective studies (34) (35) (36) . Angélico et al (37) stated that the reason for the discrepancy found in results, was the technique used for evaluation. They reported that researchers used only the CT scan with thicker axial and coronal slices larger than 3mm and found lower agger nasi cell percentages. The sagittal reconstructions, with thinner slices provided better examination of nasal structures and expanded the point of view in the understanding of the complex anatomy, allowing to evaluate the extent of structures of paranasal sinuses. In CBCT systems, image data can be usually demonstrated on a monitor simultaneously showing a segmented 'volume rendered' image as the fourth window in addition to axial, coronal and sagittal planes, which makes the evaluation of paranasal sinuses easy (38) .
One of the most common variations of the sinonasal region is pneumatization of the concha -concha bullosa. This variation is most frequently seen in the middle concha followed by the superior concha. In this study, the prevalence of concha bullosa middle was 54,7% while concha bullosa superior was 7,7% with no concha bullosa inferior. Turna et al (39) has found that the most prevalent pneumatized concha was the middle concha (57.2%) with the least prevalent inferior concha by 1%. Aramani et al (40) reviewed 54 CT scans and found that the concha bullosa were present in 53.7%
patients. In our study, the prevalence of concha bullosa was consistent with these studies.
In 1756, infraorbital ethmoid cells were first presented by Albrecht Von Haller and were named as "haller cells". On the other hand the nomenclature for these cells has been replaced with infraorbital ethmoid cells, as they originate from the anterior ethmoid cells and are located in the medial orbital floor (19) . The prevelence of infraorbital ethmoid cells presented in different studies includes a wide content between 5,5% and 45,9% (41) . Fadda et al (42) found the incidence of infraorbital ethmoid cells as 22,8% on CT scans. Gocmen et al (43) reviewed 300 CBCT scans and from the 300 scans, 2,7% were showed infraorbital ethmoid cell on the right, 9,3% on the left and 7,3% bilaterally. In our study, while in 84,7% of the cases, no infraorbital ethmoid cells were observed, 4,7% of the cases were on the right side, 5,7% were on the left side and 5% were bilateral. The results of our study are in agreement with these studies.
Although conventional radiographic examinations are used frequently and as the first step examination in practical application, they do not allow for the obvious imaging of ethmoid and sphenoid sinuses. When these are compared by CT, rates of pseudo positive and pseudo negative findings are known to be very high (44) . The reported prevalence of the onodi cell is higher in clinic-anatomic studies (42%-60%) than the radiologic ones (8%-24%). This discrepancy may relate to the angle of computed tomography acquisition or the complexity of imaging interpretation (45) . In 47,3% of our cases, no onodi cells were observed while in 52.7% of the cases onodi cells were present compatible with the study presented by Senturk et al (46) .
CONCLUSION
The findings of this study point out that CBCT can be used in the analysis of paranasal sinuses. The current study attempted to search numerous paranasal sinus variations and their prevelence. Such morphometric data may provide vital information to otolaryngologists and dental surgeons in preoperative analysis of surgeries associated with paranasal area and may facilitate accurate identification of the anatomy of the paranasal sinus region.
